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Abstract

Objectives: To systematically assess the efficacy of different non-surgical

treatment methods to manage peri-implantitis reported to date in the

literature, together with its correlation with time following therapy.

Materials and Methods: A systematic literature review was undertaken

to identify randomised control trials of the non-surgical management of

peri-implantitis published up to November 2019. The search was limited

to English language human studies containing follow-up periods of

≥3 months and for sample size of 10 or more patients. A meta-analysis

was implemented for the following clinical parameters: Peri-implant

pocket depth (PPD), bleeding on probing (BOP), clinical attachment

level (CAL), radiographic bone loss (RBL) and mucosal recession (MR).

Results: Twelve articles met the inclusion criteria. Two principal

treatment modalities were identified; mechanical debridement and laser

therapy, with two adjunctive therapies antimicrobial and antiseptic

agents. Non-surgical interventions (ultrasonic scalers, Er:YAG laser and

powdered air-abrasive devices) showed significant clinical improvement

in the short term (<3 months). Clinical benefit was demonstrated with

the adjunctive use of antimicrobial agents in the short term but

diminished with time. Antiseptic agents alone have no significant effect.

Non-surgical therapies applied in these studies failed to arrest mucosal

recession, peri-implant bone loss or reduce the counts of viable

pathogens in the long term.

Conclusion: The evidence demonstrate that the clinical parameters of

peri-implantitis, i.e. BOP, PPD and CAL may all be improved by simple

mechanical debridement, using either ultrasonic instrumentation or Er:

YAG laser therapy; adjunctive antimicrobial and antiseptic therapy.

Further randomised control trials in this area are, however, required.

Introduction

The placement of dental implants has become a pop-

ular treatment option, in the replacement of missing

teeth, as they can provide a predictable long-term

solution with high levels of reported success1. Fol-

lowing placement, ongoing maintenance of these

osseointegrated oral implants is imperative to their

success. The most common biological reason for 5-

year implant failure is peri-implantitis2, which

describes the loss of crestal bone surrounding an

implant in conjunction with bleeding on probing

+/� peri-implant pocketing. It is assumed this is due

to increased bacterial load. However, iatrogenic fac-

tors (e.g. excess cement, poorly seated restorations,

traumatised bone during implant placement and

failed/failing guided bone regeneration) may also

contribute to peri-implantitis and its progression3.

The term peri-implantitis was first introduced by

Mombelli et al.4 to describe the inflammation that

occurs around a functional and osseointegrated

implant that causes osseous destruction. This feature
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distinguishes it from other inflammatory processes

that can also lead to implant failure, particularly

those associated with the initial stages of inflamma-

tion and repair which characterise successful

osseointegration5.

The fundamental principles of the management of

peri-implantitis are the reduction in bacterial counts

below the threshold borderline for initiating disease,

that is, controlling infection in the peri-implant tis-

sues and on the implant surface, reducing protease-

mediated responses and suppressing bacterial

actions6. In clinical practice, peri-implantitis can be

managed surgically, non-surgically or via a combina-

tion of both approaches.

“Surgical techniques” include: surgical access to

allow instrumentation and decontamination of the

implant surface, apically repositioned flaps (ARF),

implantoplasty and attempted re-osseointegration

using bone augmentation techniques7. Non-surgical

management (NSM) employs a variety of mechani-

cal/physical modalities without surgical access (e.g.

curettes, ultrasonic scalers, air-abrasive devices and

lasers). These aim to induce physical disruption and

removal of the supra and sub-gingival biofilm

together with gross debris such as calculus from the

implant abutment, neck and fixture surface8; repre-

senting “closed debridement” of the biofilm on the

implant surface6.

A number of authors have proposed the NSM of

peri-implantitis with lasers as they have physical/ab-

lative properties. Figuero et al.9 reports that the out-

come for the treatment of peri-implantitis with lasers

is dependent on the type of laser employed. The

erbium-doped ytrium aluminium garnet laser (Er:

YAG) is reported to exhibit increased efficiency in

removing sub-gingival plaque and calculus without

damage to the implant surface, in contrast to CO2

lasers10.

Adjunctive therapies, such as antibiotics and

antiseptics (chlorhexidine, hydrogen peroxide and

saline), have been utilised in an attempt to improve

the outcome of NSM by modifying the local bacterial

microflora. While topical antimicrobial agents may

modify bacterial adhesion and growth in vitro and

ex vivo, their significance as adjunctive therapies

remains unproven8. Locally delivered antibiotics

(e.g. slow release formulations) have been utilised in

combination with NSM in patients with “moderate/

deep” peri-implant disease defined as >5 mm bone

loss or >50% of the implant length11,12. However,

the evidence for this currently appears inconclusive

and there is no evidence to support systemic antibi-

otics in the treatment of peri-implantitis13.

The aim of this study was to systematically review

the published evidence on the efficiency of different

non-surgical treatments to manage implants (and

patients) affected by peri-implantitis, to inform their

evidence-based treatment.

Material and methods

An electronic and manual search was conducted to

identify randomised control trials published in the

English Language restricted to human studies. Six

databases engines were screened using a combina-

tion of Full-text terms and Medical Subject Heading

(MeSH) to identify the pertinent articles. These data-

bases were as follows: Cardiff University and NHS

Wales Libraries, Cochrane Library – Search Trials

(CENTRAL), PubMed, Ovid MEDLINE (R), EMBASE,

Web of Science.

Inclusion and exclusion criteria

Clinical studies included in this systematic review

met the following criteria: human clinical studies

published in the English language, randomised con-

trol trials (RCT), patients with peri-implantitis

lesions, studies with sample sizes of ≥10 patients;

studies with a minimum follow-up period of

≥3 months.

Studies including surgical management of peri-im-

plantitis were excluded, as were in vitro and animal

studies, human studies with unclear or missing data,

reviews and cohort studies. Cross-sectional and case

studies were similarly excluded.

Primary and secondary outcome measures

Primary outcomes were considered to be reductions

in bleeding on probing (BOP) and periodontal

pocket depth (PPD) and/or gains in clinical attach-

ment level (CAL) following NSM. Secondary out-

comes were considered to be assessment of mucosal

recession (MR) and radiographic marginal bone

levels (RBL).

Qualitative assessment methods (risk of bias)

The Critical Appraisal Skills Program 2017 (CASP

2017) was employed in this systematic review to

evaluate the quality of the studies to be included.

The risks of bias were categorised as:

1. Low risk: all criteria met

2. Moderate risk: one or two criteria missing

3. High risk: more than two criteria missing
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Quantitative assessment (meta-analysis)

Meta-analyses were conducted separately for each of

the clinical parameters (PPD, BOP, CAL, RBL and MR).

Ten RCTs11,14–22 were included in the meta-analyses as

they reported mean reductions with standard deviation

values in the defined clinical parameters. Two studies

were excluded as they neither included data for medi-

ans nor standard deviations or they presented incom-

plete results23,24. In the selected studies, Standardised

Mean Difference (SMD) and Weighted Mean Differ-

ence (WMD) between control and test groups in associ-

ation with a 95% confidence interval (CI) were

displayed in Forest Plots. Funnel plots, Egger’s test and

Begg’s test were used to indicate possible bias.

Results

Searching process of databases and data
extraction

The primary database search revealed 3819 articles

on the non-surgical treatment of peri-implantitis,

3070 articles from Cardiff University and NHS

Libraries,134 articles from the Cochrane Library, 81

articles from PubMed, Ovid MEDLINE (R) revealed

50 articles, Embase 52 articles, Web of Science 426

articles and manual search 6 further articles (Fig-

ure 1). After removing duplicate studies, 30 articles

were identified for further analysis. After thorough

review of the full-texts articles, 12 RCTs were

selected for inclusion in this study (Table 1). Reasons

for exclusion are identified in Table 212,25-40.

Qualitative assessment of the included studies

The majority of the studies included were at high

risk of bias using the CASP 2017 (Table 3) with no

studies being low risk of bias.

Quantitative assessment of the included
studies

Study criteria are summarised in Table 4a, which

include patient profiles and the applied non-surgical

interventions. Table 4b summarises the parameters

used to assess the efficacy of the applied interventions

and the final conclusions of each treatment method.

Non-surgical interventions

The non-surgical interventions in the included stud-

ies were categorised into four approaches:

mechanical debridement, laser, antimicrobial agents

and antiseptic agents (Table 5).

Meta-analysis results

Generally, the results favour the interventions (with

some significant results) for all outcomes except MR

and RBL. Sensitivity analysis for the standardised

mean difference (SMD) PPD revealed that after

removing possible outliers11,14 for the standardised

mean difference, the overall point estimate is 0.27

which favours the intervention. This result is not sig-

nificant as the 95% confidence interval (CI) covers

the critical line of 0 (Figure 2).

Primary outcomes

Probing pocket depths (PPD)

Sensitivity analysis for the weighted mean difference

(WMD) of PPD revealed that following removal of

the clear outlier for the standardised mean differ-

ence14, the overall point estimate is 0.77. This indi-

cates that the intervention is favoured. This result is

considered significant as the 95% CI does not touch

the critical line of 0 (Figure 3).

Bleeding on probing (BOP)

There is some evidence of an outlier for the stan-

dardised mean difference for BOP11; funnel plots and

Egger’s test and Begg’s test indicate possible bias.

The intervention is favoured as the pooled estimate

for the SMD = 0.76. This result is significant because

the 95% CI does not cover the critical line of 0 (Fig-

ure 4). There was no evidence of an outlier for the

weighted mean difference for BOP11; funnel plots

and Egger’s test and Begg’s test indicate little or no

bias/outliers. There is some evidence of heterogene-

ity, though this may reflect the random effects of the

meta-analysis. The intervention is favoured as the

pooled estimate for the WMD = 15.8. This result is

significant because the 95% CI does not cover the

critical line of 0 (Figure 5).

Bleeding Sensitivity analysis for the SMD of BOP

was performed after removing the clear outlier11.

Estimates for SMD were calculated along with fun-

nel plots showing a reduction in the overall point

estimate to 0.45 favouring the intervention. This

result is not significant though, as the 95% CI touch

the critical line of 0 (Figure 6). Egger’s and Begg’s

test indicate possible bias.

Clinical attachment loss (CAL)
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There were no outliers for WMD of CAL. The inter-

vention is favoured as the pooled estimate for the

WMD = 0.41, although this result is not significant

as the 95% CI covers the critical line of 0 (Figure 7).

Sensitivity analysis for the SMD CAL: After remov-

ing the clear outlier for the standardised mean differ-

ence11 and recalculate estimates, the point estimate

is 0.09 indicating that the intervention is favoured.

This result is not significant though as the 95% CI

covers the critical line of 0 (Figure 8).

Secondary outcomes

Radiographic bone levels (RBL)

The result for RBL favours the control as the pooled

estimate for WMD = �0.18 and SMD = �0.26. This

result is not significant as the 95% CI covers the crit-

ical line of 0 in both cases (Figure 9).

Eligibility
Full text ar�cles were 

assessed for 
eligibility & then 
filtered (n = 30).

Included studies
(n = 12)

Excluded studies
(n = 18)

Iden�fica�on
Cardiff University and NHS Libraries (3070 ar�cles), Cochrane 
Library (134 ar�cles), PubMed (81 ar�cles), Ovid MEDLINE (R) 

(50 ar�cles), Embase (52 ar�cles), Web of Science (426 ar�cles) 
and manual search (6 ar�cles).

Titles and abstracts are screened and filtered (n = 3819).

Figure 1 Searching process of the different databases for the non-surgical treatment of peri-implantitis [Colour figure can be viewed at wileyon

linelibrary.com]

Table 1 Included articles in this systematic review

Included articles

Roos-Jansaker et al. 2017 Renvert et al. 2011

Romeo et al. 2016 Sahm et al. 2011

Arisan et al. 2015 Schwarz et al. 2006

John et al. 2015 Schwarz et al. 2005

Machtei et al. 2012 Karring et al. 2005

Persson et al. 2011 Buchter et al. 2004

Table 2 Excluded articles and the reasons of exclusion

Abduljabbar et al.

2017

Renvert et al. 2006

Peri-implant mucositis and peri-implantitis

were not distinguished (mixed cases

of both conditions)

Tang et al. 2017 In-vitro study

Abduljabbar T 2017,

Al Amri et al. 2016,

Javed et al. 2016,

Karimi et al. 2016

Peri-implant mucositis and peri-implantitis

were not distinguished (cases of both

conditions were mixed together)

Lerario et al. 2016,

Mettraux et al. 2016,

Salvi et al. 2007

Cohort studies.

Rakasevic et al. 2016 Includes surgical intervention.

Bassetti et al. 2014,

Schar et al. 2013

MBL within the normal bone remodelling rate.

Cases included were peri-implant mucositis

Deppe et al. 2013 Observational study

Renvert et al. 2009,

Renvert et al. 2008

Unknown number of patients were

affected by peri-implant mucositis and

not peri-implantitis

De Ara�ujo Nobre

et al. 2006

Prospective clinical trial (No randomisation)

Sample size < 10 patients.

Schwarz et al. 2006 The study design does not compare

between different treatment approaches.
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Mucosal recession (MR)

The result of MR favours the control as the pooled

estimate for the WMD = �0.09 and SMD = �0.04.

This result is not significant though as the 95% CI

covers the critical line of 0 in both cases (Figure 10).

Discussion

One of the aims of management of peri-implantitis is

to reduce the bacterial count within the peri-implant

tissues, to below the threshold of disease formation,

as the relationship between increased bacterial load

(poor plaque control) and the formation of peri-im-

plantitis is well established41. While NSM of peri-im-

plantitis may improve clinical parameters, as

described by Persson24 and Mahato6, it fails to

reduce bacterial counts within the peri-implant tis-

sues. The bacterial biofilm will result in re-colonisa-

tion of the implant surface. In practice, effective

professional and personal oral hygiene may be ham-

pered by the surface or design of the prosthesis. The

findings here suggest that NSM when utilised offers

limited clinical improvement after a 6-month obser-

vation period post-treatment.

Measures of biofilm removal

Twelve studies included methods of non-surgical

mechanical debridement using curettes, air-abrasive

devices and ultrasonic devices to disrupt the depos-

ited biofilms on the implant surface. Generally, clini-

cal improvement (PPD, BOP and CAL values) after

NSM is evident in the initial 6 months but this then

regresses. This is presumably as a result of re-coloni-

sation of the implant surface. The results of the stud-

ies were contradictory; Karring16 showed that

mechanical debridement with curettes was ineffec-

tive at reducing PPD and BOP, whereas the use of

an ultrasonic scaler showed improvement in BOP. In

contrast, Romeo19 showed a significant reduction in

PPD and BOP when using photodynamic therapy

(low-power diode laser in conjunction with photo-

sensitising compounds). This may, in part, be

explained by the preparatory treatment for the

whole oral cavity (with mechanical and manual

decontamination procedures) prior to the com-

mencement of the clinical study, and highlights the

importance of compliance with oral hygiene regi-

mens following treatment, which is evident in the

non-surgical (and surgical) treatment of periodontal

disease3.

The use of ultrasonic scalers and abrasive air

device (AAD) initially showed improved results, in

initial BOP, when compared to curettes. Ultrasonic

scalers also showed better results in improving the

CAL when compared to both curettes and AAD;

Machtei17 and Roos-Jansaker20 showed clinical

improvement in PPD (values > 1 mm) with ultra-

sonic scalers. Only Romeo19 was able to demonstrate

improvement of PPD values by using curettes alone.

Studies assessed the efficacy of lasers as a debride-

ment method or as adjunctive therapy to disrupt the

bacterial biofilm from the implant surface. The data

demonstrated that adjunctive use of diode laser do

not provide any additional improvement in clinical

outcome compared to mechanical debridement alone

and cannot be recommended for NSM of peri-im-

plantitis. While Schwarz22 demonstrated the ability

of Er:YAG lasers to effectively debride the bacterial

biofilm (and they hypothesised reduce the inflam-

matory process locally), the clinical improvement

observed in BOP and PPD using Er:YAG alone is less

than that observed with mechanical debridement.

Indeed, Roos-Jansaker20 demonstrated ultrasonic

scalers induced greater improvement in CAL than

Er:YAG laser devices.

Adjunctive antimicrobial therapy

Two studies discussed the effectiveness of adding

locally delivered antibacterial agent (adjunctive ther-

apy) to the conventional approach (mechanical

debridement by using curettes) in the NSM of peri-

implantitis lesions. Combining antimicrobial agents

with mechanical debridement using curettes (found

to be the least effective debridement method) when

compared with AAD and ultrasonic scalers, helped to

achieve significant clinical benefit, showing PPD

improvement of more than 1 mm and BOP

Table 3 Risk of bias (CASP 2017)

Risk of bias Included studies

Low risk None

Moderate risk Arisan et al. 2015

Machtei et al. 2012

Renvert et al. 2011

Buchter et al. 2004

High risk Roos-Jansaker et al. 2017

Romeo et al. 2016

John et al. 2015

Persson et al. 2011

Sahm et al. 2011

Schwarz et al. 2006

Karring et al. 2005

Schwarz et al. 2005
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Table 5 Overview of the treatment modalities in the included studies

1. Mechanical

debridement

(MD)

(a) Curettes (plastic or carbon) 8 studies

(b) Air-abrasive device (AAD) using

glycine powder

3 studies

(c) Ultrasonic device

• OEM; Electeo Medical System.

• Vector � System (ultrasonic device).

• Piezoceramic ultrasonic instrument.

3 studies

2. Laser (a) Laser diode (injection laser) 1 study

(b) Er:YAG laser 4 studies

3. Antimicrobial

agents

(a) Doxycycline hyclate (AtridoxTM) 1 study

(b) Laser-assisted antimicrobial

photodynamic therapy (PDT)

1 study

4. Antiseptic

agents

(a) Chlorhexidine (irrigating solution

(0.1%, 0.2%, 1%), chips, gel)

6 studies

(b) Chloramine (PerisolvTM) 1 study

Figure 2 Standardised Mean Difference PPD [Colour figure can be

viewed at wileyonlinelibrary.com]

Figure 3 Weighted Mean Difference PPD [Colour figure can be viewed

at wileyonlinelibrary.com]
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Figure 4 Standardised Mean Difference BOP reduction [Colour figure

can be viewed at wileyonlinelibrary.com]

Figure 5 Weighted Mean Difference BOP reduction [Colour figure can

be viewed at wileyonlinelibrary.com]

Figure 6 Standardised Mean Difference BOP reduction (outliers

removed) [Colour figure can be viewed at wileyonlinelibrary.com]

Figure 7 Weighted Mean difference CAL [Colour figure can be viewed

at wileyonlinelibrary.com]

Figure 8 Standardised Mean Difference CAL [Colour figure can be

viewed at wileyonlinelibrary.com]

Figure 9 Standardised Mean Difference RBL [Colour figure can be

viewed at wileyonlinelibrary.com]
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reduction by at least 30%. This improvement in clin-

ical parameters was not achieved by any other treat-

ment protocol within the included studies. The

addition of chlorhexidine (CHX) in the mechanical

debridement procedure failed to show any significant

long-term benefit to the final outcome.

The clinical improvement in CAL was also signifi-

cant (>1 mm) after applying Doxycycline hyclate

(Atridox�; DenMat, California, USA). However, the

application of continuous CHX irrigation, in this

study, may have played a role in achieving this out-

come11.

Adjunctive antiseptic agents

The continuous use antiseptic agents may be of ben-

efit in improving the clinical condition of peri-im-

plantitis lesions17. Unsurprisingly, locally delivered

antiseptic agents have been utilised as adjunctive

treatments following mechanical debridement in the

treatment of peri-implantitis. In these studies, chlo-

ramine (PerisolvTM; RLS Global AB, Gothenburg,

Sweden) and chlorhexidine in solution and gels and

as slow-release formulations (Periochip�) have been

applied after mechanical debridement. While both

PPD and CAL values improved with the addition of

chlorhexidine to mechanical debridement, these

improvements were, however, not statistically signif-

icant when compared with other treatment modali-

ties such as mechanical debridement alone. The use

of chlorhexidine chips in NSM of peri-implantitis

would seem to offer little clinical benefit. Moreover,

Roos-Jansaker20 demonstrated that chloramine fails

to show any significant improvement in mucosal

inflammation when compared to mechanical

debridement alone.

Although a comprehensive analysis was per-

formed, a range of potential bias that may have

affected the treatment outcomes must be recognised.

These include the definitions of peri-implantitis

employed in the included RCTs, the surface design

and topography of the implant systems included in

the studies, the relatively small number of partici-

pants and the risk of selection bias and inclusion cri-

teria within the included RCTs.

Conclusion

This systematic review and meta-analysis confirms

the previous studies of Lindhe and Meyle 42 and

Esposito 43 and indicate to date, the NSM of peri-im-

plantitis has not been proven to be effective in the

long term. No treatment methodologies altered MR

and RBL. However, data show that NSM may effec-

tively induce improvements in a number of disease

parameters in the short term but their effect on

longevity of the implants is questionable.
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